
 

Microscopic collisions help proteins stay
healthy
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A model of the structure of clathrin, a protein that researchers at The University
of Texas Health Science Center at San Antonio used to study how a heat shock
protein disassembles protein complexes. Credit: Drs. Eileen Lafer and Rui
Sousa/UT Health Science Center at San Antonio

Studies at The University of Texas Health Science Center at San
Antonio are providing basic new understanding about "heat shock
proteins," also called "chaperone proteins." These proteins, first
identified in cells subjected to heat, are very important under many
stressful and non-stressful metabolic conditions. They maintain proper
protein function and, importantly, prevent the inappropriate
accumulation of damaged proteins. For example, accumulation of
damaged proteins such as beta amyloid, tau and synuclein are thought to
be very important in the development of diseases of the brain such as
Alzheimer's disease and Parkinson's disease.

Aug. 1 in the journal Nature Structural & Molecular Biology, a Health
Science Center research team led by Rui Sousa, Ph.D., and Eileen M.
Lafer, Ph.D., both professors of biochemistry in the School of Medicine,
presented data that show how heat shock proteins break apart protein
complexes. They found that when heat shock proteins with molecular
weight 70 (Hsp70s) are recruited to protein complexes, rather than
simply binding to these complexes, the Hsp70s collide with them and
generate a force that dissolves the complexes.

"No one knew how the heat shock proteins pull apart bad protein
complexes," Dr. Sousa said. "At the molecular level, everything is
moving, colliding and bumping, and smashing into other components of
the cells. We found that the system moves Hsp70s to where they are
needed. Once this occurs, collision pressures pull things apart."
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Model system

Previous attempts to glean this information failed because the proteins
studied were too heterogeneous—of too many different sizes, shapes and
actions—to isolate the Hsp70 behavior.

The UT Health Science Center team studied clathrin, a protein that is
uniform in size and shape and is important in making intracellular cages
that transport other proteins. Previously clathrin was only available from
animal specimens, making it very difficult to manipulate experimentally.
Dr. Lafer made a technical breakthrough when she was able to grow
clathrin in bacteria for the first time using recombinant DNA
technology. The clathrin could then be genetically engineered for
mechanistic studies.

Dr. Lafer grew clathrin "cages"—shaped like microscopic soccer
balls—that provided the biological raw material for Dr. Sousa and the
team to study the force that occurs with Hsp70 collisions. The clathrin
model system could be manipulated to yield precise results.

A wrecking machine

Dr. Sousa gave this analogy of the study: The heat shock protein is like a
worker with an ax who, when moved to a wood pile, begins swinging.
The wood pile represents a protein complex. The scientists give the
worker both thick trees and thin trees to swing at, and spindly wood and
hard wood. They change the angle of the wood pile, and every other
variable, to learn how this affects the chopping.

By making variants of clathrin with recombinant DNA technology, team
members were able to manipulate this biological material in ways that
allowed them to determine the mechanism by which it is taken apart by
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Hsp70.

"This work was a tour de force, requiring the convergence of exceptional
biochemical and molecular genetic skills with a deep understanding of
the principles of physical chemistry," said Bruce Nicholson, Ph.D., chair
of the Department of Biochemistry at the Health Science Center. "Such
insights into the most basic aspects of protein chemistry and cell biology
are often, as in this case, driven by a curiosity to find out how the
molecular machines that drive our bodies work. But from these basic
pursuits of scientific curiosity will often stem great benefits to human
health."

Hsp70 in disease

Understanding Hsp70 behavior may have relevance to human disease.
By increasing Hsp70 function, scientists cured Huntington's, a
neurodegenerative disease, in a fly model. Cancer is another interesting
focus. Tumors rely on Hsp70s to survive, so lowering Hsp70 function is
a topic in cancer research.

"This is an impressive study that not only improves our understanding of
cellular biology, but could lead to therapeutic discoveries for
neurodegenerative diseases," said Francisco González-Scarano, M.D.,
dean of the School of Medicine and executive vice president for medical
affairs of the Health Science Center. "It is a tribute to scientists who ask
hard questions and develop tools to answer them. My congratulations to
the team."

"We attacked this problem because it was a really important question in
cellular biology," Dr. Lafer said. "We didn't do it because we wanted to
cure neurodegenerative disease or cancer. We know, however, that when
we attack really important questions in science and biology, it ultimately
leads to translational applications down the line."
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"Sometimes as a scientist you just increase understanding of the way the
world works," Dr. Sousa said. "This is something scientists have wanted
to know."

News online

For current news from the UT Health Science Center San Antonio,
please visit our online newsroom, like us on Facebook, follow us on
Twitter or view us on YouTube.

About the UT Health Science Center at San Antonio

The University of Texas Health Science Center at San Antonio, with
missions of teaching, research and healing, is one of the country's
leading health sciences universities. Its schools of medicine, nursing,
dentistry, health professions and graduate biomedical sciences have
produced 33,000 alumni who are advancing their fields throughout the
world. With six campuses in San Antonio and Laredo, the university has
a FY 16 revenue operating budget of $801.8 million and is the primary
driver of its community's $30.6 billion biomedical and health care
industry. For more information on the many ways "We make lives
better®," visit http://www.uthscsa.edu.

  More information: Rui Sousa et al, Clathrin-coat disassembly
illuminates the mechanisms of Hsp70 force generation, Nature Structural
& Molecular Biology (2016). DOI: 10.1038/nsmb.3272
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